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SUMMARY
Background: The diagnosis of soft-tissue sarcomas of the 
limbs is often delayed, sometimes markedly so, even 
though prompt and appropriate treatment improves sur-
vival and lowers the amputation rate.

Methods: On the basis of a selective literature review and 
consideration of the relevant guidelines, we developed an 
algorithm that can serve as a guide to the diagnosis of 
soft-tissue tumors in general and to the treatment of soft-
tissue sarcomas of the limbs. 

Results: Surgical resection accompanied by multimodal 
therapy is the only treatment strategy for soft-tissue 
 sarcoma that provides a chance of cure. Particularly when 
the tumor is located in the distal part of a limb, plastic-
 reconstructive surgical techniques often enable adequate 
local control, along with limb salvage and preservation of 
function. The role of adjuvant or neo-adjuvant radiotherapy 
and/or chemotherapy is currently debated. The overall sur-
vival rate at 5 years is 87% for low-grade sarcomas and 
62% for high-grade sarcomas.

Conclusion: Any solid mass of the limbs that has been 
present for more than four weeks requires diagnostic 
evaluation. Excisional biopsy is suitable only for epifascial 
lesions measuring less than 5 cm in diameter. All other 
lesions should be imaged with MRI and then diagnosed 
with an incisional biopsy. Patients with soft tissue sarco-
mas must be treated in an interdisciplinary collaboration 
so that they can undergo multimodal treatment. The pro-
posed algorithm should help avoid delays in diagnosis and 
optimize treatment strategies.
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T he aim of this review is to set out the correct 
 procedures for the diagnosis and treatment of soft 

tissue sarcomas. This seems to be necessary because 
these rare tumors are still often recognized late and 
therefore not treated promptly (1, 2), although no 
specialized knowledge is required for correct imple-
mentation of the initial diagnostic measures.

An essential role is played by timely referral to a 
specialized center (3, e1, e2). It has clearly been shown 
that prompt treatment at such an institution improves 
survival and lowers the amputation rate (1). Unfortu-
nately, a large proportion of patients are still initially 
managed in institutions with low numbers of cases, 
mostly in hospitals that see less than three such patients 
per year (2). Seventy-two percent of the patients in our 
own collective had already undergone surgery 
 elsewhere (4).

Sarcomas can occur throughout the body; therefore, 
surgeons from any specialty can be confronted with 
them. Sixty percent of soft tissue sarcomas in adults 
occur in the limbs (15% in the arms, 45% in the legs), 
and this article focuses on these localizations (5). Mod-
ern multimodal treatment strategies including 
 improved options for reconstruction achieve good local 
control and avoid amputation in more than 95% of 
cases (2, e3). On the basis of a selective literature 
 review, we present a suggested algorithm for the correct 
diagnosis of solid tumors of the extremities and timely 
initiation of interdisciplinary treatment (Figure 1). This 
algorithm was conceived particularly as an aid for 
physicians working outside the hospital environment.

Epidemiology and clinical characteristics
The incidence of soft tissue sarcomas is relatively low 
at 2 to 3 per 100 000 per year. Around 50 sarcoma pa-
tients present each year at our own center in Germany. 
The term “sarcoma” does not denote a group of tumors 
with uniform presentation; rather, there are numerous 
histologically distinct subgroups (6, 7). The most 
 frequent sarcomas in adults are liposarcoma, fibrosar-
coma, and pleomorphic sarcoma (previously known as 
malignant fibrous histiocytoma). Soft tissue sarcomas 
comprise only 1% of all malignancies in adults (8, e4). 
The 5-year survival rate is 87% for low-grade sarcomas 
and 62% for high-grade sarcomas (6).
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Problems arise from the fact that slow growth of a 
tumor by no means proves it is benign, even though 
only one in every 200 soft tissue tumors is malignant 
(e5). Subcutaneous tumors are usually discovered by 
self-palpation, although accounts of duration and 
 progression are often unreliable. Occasionally the pa-
tient reports a (putative) association with trivial trauma 
(Figure 2). Tumors that lie deeper, e.g., at the typical 
localization in the adductor compartment of the proxi-
mal upper thigh, rarely cause symptoms at an early 
stage. Refractory swellings that persist for more than 4 
weeks should not perforce be interpreted as a pulled 
muscle or suchlike, but should prompt further 
 diagnostic investigation (9).

Biopsy and diagnosis
Even imaging procedures do not permit confident 
 classification of a tumor as benign or malignant inde-
pendent of histopathological investigation, but some 
characteristics may correlate positively with the later 
diagnosis of soft tissue sarcoma. These include diam-
eter exceeding 5 cm, increase in size, painfulness of the 
swelling, and deep tumor site (9, e6). Every swelling 
that displays one of these features should be regarded 
and treated as malignant until it is histologically 
 demonstrated to be benign. Eighty-six percent of 
 tumors that meet all these criteria are malignant (9).

Smaller tumors that have been present for a long 
time and are definitely subcutaneous (epifascial) in 
 location on the basis of clinical examination and ultra-
sonography can initially be managed by excisional 
biopsy. This term denotes complete excision of a tumor 
with a narrow margin of safety. No further imaging 
 procedures are necessary before operation. Some 25% 
of all soft tissue sarcomas are epifascial in location and 
less than 3 cm across. If histopathological examination 
reveals sarcoma, wider resection is usually possible 
with no negative impact on the prognosis. In 60% of 
such cases residual tumor cells are found in the second-
arily resected material (e7, e8, e9). Note that this course 
of action is not appropriate in subcutaneous tumors 
over 5 cm in diameter or in tumors of any size at 
 subfascial sites (e10).

All solid subfascial soft tissue tumors and all larger 
soft tissue masses at any site should be investigated by 
means of contrast-enhanced MRI, the imaging pro-
cedure that provides the most information about such 
tumors (10). Every tumor that takes up contrast medi-
um must be regarded as malignant until proved benign. 
Occasional tumors are misinterpreted as benign on 
MRI (smooth-bordered, benign-appearing tumor). In 
contrast to bone tumors, no diagnostic imaging pro-
cedure provides certain characterization of soft-tissue 
tumors (e11). Therefore, some surgeons will occasion-
ally wait, or make the mistake of enucleating a subfas-
cial tumor with no margin of safety (Figure 2).

However, MRI does permit precise three-
 dimensional anatomic analysis and good biopsy plan-
ning. A subfascially located soft tissue tumor that takes 
up contrast medium should be subjected to diagnostic 

FIGURE 1

A suggested algorithm for diagnosis of solid tumors of the extremities and overview of 
 multimodal treatment
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incisional biopsy. This intervention is not as trivial as is 
often thought. It should be carried out as an open pro-
cedure, ideally by the surgeon who is going to perform 
the subsequent operation. Errors that may occur, ham-
pering or completely preventing later ideal oncosurgi-
cal resection and reconstruction, include incorrect or 
excessively wide routes of access and incorrectly 
chosen drainage pathways (2, 8).

Ideally the pathologist receives a sufficient amount 
of material from the margins of the tumor (pseudocap-
sule). Punch biopsies are possible in principle, provided 
the pathologist can work with the lower volume of 
 relevant material. Aspiration biopsy is of limited utility 
(e12).

Following confirmation of soft tissue sarcoma, the 
treatment depends on the histopathological grade and 
on the staging. The grading system most widely used in 
Europe, the classification of the Fédération Nationale 
des Centres de Lutte Contre le Cancer, distinguishes 
grades 1 to 3, where grade 3 is highly malignant. 
 Correct histopathological classification is of central 

 importance for the choice of treatment, because some 
subtypes of sarcoma, such as primitive neuroectoder-
mal tumor and extraosseous Ewing sarcoma, profit 
greatly from neo-adjuvant procedures (e13). Because 
of the frequent discrepancies, one should not hesitate to 
order reference examinations (3, 11).

Staging
First and foremost, spiral CT of the thorax is indicated, 
because soft tissue sarcomas primarily metastasize 
 hematogenously to the lungs. At the time of diagnosis, 
however, only 10% of patients have localizable lung 
metastases that are amenable to thoracosurgical resec-
tion if indicated (e14). Positron emission tomography 
has not yet been assigned a precise role in guidelines 
for diagnosis of soft tissue sarcomas (e15).

The staging of soft tissue sarcomas is accomplished 
as usual in the TNM system, with the exception that not 
only the size of the mass but also its site—epi- or 
 subfascial—is classified owing to the influence of 
tumor location on the prognosis (6).

Figure 2:
 A 53-year-old woman with a myxoid liposar-
coma (T2b, N0, M0, G1) in the medial com-
partment of the right distal thigh. 
a) MRI elsewhere showed a large, contrast-

enhancing solid tumor, but because of 
temporal association with trauma this 
was misinterpreted as an organizing 
 hematoma.

b) Inadequate enucleation with an incorrect 
drainage pathway was carried out at the 
same institution.

c) After histopathological diagnosis an R0 
situation could be achieved only by wide 
resection including the distal portions of 
the sartorius and gracilis muscles, be-
cause the previous enucleation prevented 
palpatory assessment of the tumor bed.

d) Result after surgery and adjuvant irradi-
ation

a b

c d
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Tumor board review: the planning of 
 interdisciplinary multimodal treatment
Following diagnosis of a soft tissue sarcoma the patient 
must be referred to a center offering interdisciplinary 
multimodal care. On arrival there, staging should be 
completed and the continuing multimodal treatment 
plan discussed (7, 12). This section sets out the basic 
features of the multimodal approach to the treatment of 
soft tissue sarcomas in adult patients with particular 
 attention to the oncosurgical and plastic–reconstructive 
aspects (2, 10).

Resection
Decisive for the cure of patients with soft tissue sarco-
mas of the extremities is radical extirpation of the 
tumor. Previously this often meant loss of the limb, but 
nowadays amputation is seldom necessary (13).

Central to the treatment and indispensable for cure is 
oncologically sufficient surgical resection of the tumor. 
No other adjuvant or neo-adjuvant treatment option 

provides adequate protection against local recurrence 
(e16). If surgery has already been carried out but the 
 result is judged inadequate, usually on grounds of 
 insufficient margins of safety, one must first determine 
whether greater margins can be achieved by reoper-
ation. Reoperation has clearly been shown to be 
 superior to radiotherapy alone in cases of R1 resection 
(1).

The technique most frequently employed for tumor 
removal is the so-called wide resection. This term 
implies resection of a large amount of surrounding 
healthy tissue, with safety margins of 4 to 5 cm to the 
sides and 1 to 2 cm deep to the tumor (14).

If certain anatomical structures around the sarcoma 
(muscle fascia, perineurium, adventitia of large vessels) 
are free of tumor, reduction of the safety margins is 
possible provided these sheathing tissues are included 
in the material excised. Combined with adjuvant radio-
therapy this procedure results in local tumor control in 
95% of cases, with survival rates comparable to those 

Figure 2:
A 27-year-old woman with fibrosarcoma 
(T1b, N0, M0, G3) on the dorsum of the left 
foot.
a) R1 resection elsewhere
b) MRI showed a residual contrast-

 enhancing mass; below-knee amputation 
was recommended elsewhere.

c) Oncologically adequate secondary wide 
resection including the extensor muscles 
of the toes and the dorsal cortex of the 
tarsal bones. The tendon of the anterior 
tibial muscle could be preserved owing to 
its isolated synovial position, and the 
 divided toe extensors were tenodesed to 
prevent the development of claw toes. 
The defect was covered by the microsur-
gical transfer of a fasciocutaneous flap 
from the upper arm. Adjuvant radiother-
apy was carried out postoperatively.

d) Functional outcome 3 years after oper-
ationa b

c d
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achieved by amputation (12, 13). The so-called com-
partment resection involves the removal of an entire 
muscle group from origin to attachment. In bone 
 tumors this degree of surgical mutilation is justified by 
the frequent occurrence of satellite metastases, but in 
the case of soft tissue sarcomas compartment resection 
is applicable only to very extensive tumors (2).

Amputation may occasionally still be necessary if 
large vessels or nerves are infiltrated close to the trunk. 
The decision to amputate should be taken only after due 
consideration of the potential reconstructive options 
with regard to vessel and nerve interposition. Plastic 
surgery techniques such as the so-called fillet flap may 
help to maximize residual stump length and function 
(2, 4, 10).

Reconstruction
The term reconstruction describes all measures that go 
beyond simple suturing of the wound. The goal is 
 always unimpaired wound healing in the interests of 
general rehabilitation and early commencement of 
postoperative radiation treatment, which is frequently 
required. All the techniques of plastic surgery are used 
to avoid complications of wound healing by primary 
closure under tension (2, 4, 10). In particular, routine 
use of microsurgical flap repairs with negligible donor 
site morbidity has become an indispensable component 
of the modern reconstructive instrumentarium (e17, 
e18). Functional reconstructions such as nerve inter-
positions or classical muscle replacements, e.g., poste -
rior tibial muscle transfer to compensate foot drop after 
resection of the muscles responsible for dorsiflexion, 
are carried out at the same time (2).

Reconstruction can usually be carried out immedi-
ately after oncosurgical resection in the same session of 
surgery. In most cases of MRI-aided planning a primary 
R0 situation can be achieved, as long as resection is 
 adequate without any constraints due, for instance, to 
difficulty in defect closure (2, 3, 10). Such constraints 
operate in the lack of adequate knowledge of the poten-
tial for reconstruction; even at the planning stage they 
may have a negative impact on the overall concept, 
leading to insufficiently radical surgery. Particularly in 
distal limb segments, adequate resection with maximal 
preservation of function is impossible without detailed 
preoperative planning of reconstruction (Figure 3). 
From the viewpoint of plastic surgery, the preoperative 
evaluation of tumor respectability should always be 
carried out by a surgeon well versed in all options for 
reconstruction (2, 3, 10). Furthermore, in order to 
 participate meaningfully in the tumor board’s 
 interdisciplinary decisions, e.g., on the potential 
 benefits of preoperative downstaging, the surgeon must 
be familiar with the principles of (neo-)adjuvant 
measures (10).

(Neo-)adjuvant measures
Radiotherapy
Since the publication of the work of Rosenberg et al. at 
the beginning of the 1980s, radiotherapy has been 

firmly established as an adjuvant to wide excision in all 
subfascial and G2/G3 sarcomas (13). This multimodal 
regimen achieves local tumor control in 95% of cases 
(15). It is uncertain whether adjuvant radiotherapy 
 improves overall survival (16, 17). At this juncture it 
should again be stressed that radiotherapy alone follow-
ing excision with narrow margins is inferior to (primary 
or secondary) wide resection (10, 18). The timing of 
radiotherapy (pre-, peri-, or postoperative) remains 
controversial; the arguments for and against each 
 modality cannot be given in full here (19). The most 
frequently used modality is postoperative irradiation in 
doses of 50 to 60 Gy, sometimes boosted to 66 Gy (12). 
Arguments in favor of preoperative radiotherapy are 
application of a lower dose over a smaller field, poten-
tial prevention of tumor seeding during surgery, and po-
tential simplification of surgery by reduction in tumor 
size (19). A neo-adjuvant combination of radiotherapy 
and chemotherapy (MAID protocol) followed by sur-
gery and postoperative chemotherapy with or without 
irradiation achieved a distinct improvement in overall 
survival compared with a historical control group (20); 
however, other authors were critical of this protocol’s 
toxicity (15). In a large series, O’Sullivan et al. showed 
that patients with preoperative irradiation had a much 
higher rate of impaired wound healing than those with 
postoperative radiotherapy (18). On closer inspection, 
this was not true for the upper limb and late adverse 
 effects were significantly less common in the neo-
 adjuvantly treated group than in the group with adju-
vant radiotherapy (e19). The reconstructive options 
with flap repair ensuring tension-free wound closure 
also play a major part (10). This brief account of the 
controversy demonstrates once more the necessity of 
interdisciplinary discussions among the members of the 
tumor board.

Chemotherapy
The benefit of neo-adjuvant and/or adjuvant chemo-
therapy in the treatment of soft tissue sarcomas remains 
controversial. Exceptions to this are Ewing sarcoma 
and rhabdomyosarcoma, in which the addition of neo-
adjuvant and/or adjuvant chemotherapy to local ther-
apy can prolong progression-free survival and lower 
the risk of local recurrence. Patients with Ewing sarco-
ma should therefore be treated in the framework of the 
ongoing studies by the EURO-EWING study group. In 
the case of rhabdomyosarcoma, particularly embryonal 
rhabdomyosarcoma, treatment according to pediatric 
protocols should also be considered for young adults. 
For the remaining soft tissue sarcomas the role of neo-
adjuvant or adjuvant chemotherapy is still not clearly 
defined despite numerous studies and meta-analyses. In 
a meta-analysis published in 2008, Pervaiz et al. found 
an extension of overall survival after adjuvant chemo-
therapy with a combination of doxorubicin and 
 ifosfamide (21). In contrast, two EORTC studies 
showed no advantage of adjuvant chemotherapy with 
doxorubicin and ifosfamide for overall survival, with 
the exception of R1 resection (Woll et al.: Adjuvant 
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chemotherapy with doxorubicin and ifosfamide in 
 resected soft tissue sarcoma [STS]: interim analysis of 
a randomised phase III trial [abstract]. J Clin Oncol 
2007; 25: 547s; Le Cesne et al.: The end of adjuvant 
chemotherapy era with doxorubicin-based regimen in 
resected high-grade soft tissue sarcoma: Pooled analy-
sis of the two STBSG-EORTC phase III clinical trials 
[abstract]. J Clin Oncol 2008; 26: 559s). Given these 
conflicting data it is not possible to make a general 
 recommendation in favor of adjuvant chemotherapy. If 
possible, therefore, patients should be included in clini-
cal studies. For patients treated outside the framework 
of studies, adjuvant chemotherapy must be decided on 
a case-by-case basis, taking account of the individual 
characteristics of the patient and the tumor.

The role of chemotherapy in the neo-adjuvant situ-
ation has also not been clarified. An EORTC study 
showed no advantage of neo-adjuvant chemotherapy 
with doxorubicin and ifosfamide as sole treatment over 
surgery alone, although it must be pointed out that the 
ifosfamide dose was low (22). To what extent addi-
tional chemotherapy—whether in combination or 
 sequentially—improves the results of neo-adjuvant 
radiotherapy is also not yet clear. The guidelines of the 
National Comprehensive Cancer Network present neo-
adjuvant chemotherapy with postoperative radiother-
apy, neo-adjuvant radiotherapy alone, and combined 
radiochemotherapy as alternatives of equal value. In 
general, locally advanced high-grade sarcoma with 
tumor diameter exceeding 5 cm is seen as an indication 
for neo-adjuvant treatment, particularly if surgery alone 
would involve amputation or severe functional limi-
tation. One interesting treatment option in this situation 
is regional hyperthermia in combination with chemo-
therapy, followed by local treatment measures and ad-
juvant chemotherapy. A phase III study of this regimen 
showed improvements in local progression-free sur-
vival and in disease-free survival (Issels et al.: Regional 
hyperthermia improves response and survival when 
combined with systemic chemotherapy in the manage-
ment of locally advanced, high-grade soft tissue sarco-
mas of the extremities, the body wall, and the abdomen: 
a phase III randomised prospective trial [abstract]. J 
Clin Oncol 2007; 25: 547se). A treatment option that 
could be considered in primary inoperable sarcoma of 
the extremities is isolated perfusion of the affected limb 
with TNF-alpha, melphalan, and/or interferon or iso-
lated infusion of the limb with, for example, melphalan 
or dactinomycin. 

Conclusion
On the basis of a selective literature review, we present 
an algorithm intended to reduce delays in the diagnosis 
of soft tissue sarcomas and ensure that all potentially 
beneficial treatments are exploited. While the role of 
surgery can be defined relatively clearly, the options for 
adjuvant and neo-adjuvant strategies are highly com-
plex and in flux. Treatment can therefore take place 
only at a center that has a multimodal interdisciplinary 
tumor board for this relatively rare disease.
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